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trol valves are disposed between said intake and ex- 
haust cam shafts for cent* iling oil pressure suppl.ed to 
said variable valve timing devices. 
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Description 



[0001] This invention relates to a four-stroke cycle en- 
gine having variable valve liming devices each attached 
at one end ol intake and exhaust cam shafts, respec- 
tively. K 

[0002] In the four-slroke cycle engine having variable 
valve timing devices at one end of an intake and an ex- 
haust cam shall respectively, continual efforts have 
been made to improve fuel consumption and reduce 
NOx em.ss.ons by conirollmg the opening and closing 
timing of intake and exhaust valves to increase overlap 
between those valves for increased internal EGR rate 
or to improve fuel consumption by delaying the closing 
of intake and exhaust valves to reduce pumping loss at 
the compression stroke 

[0003] The variable valve tim.ng devices are actuated 
by oil pressure to- the viable opening and closing tim- 
ing of intake and exhaust valves and it is necessary for 
a four-slroke cycle engmo win SUC h variable valve lim- 
ing devices to be- piuviJwl w,H. contiol valves for con- 
trolling oil pressu.c suppl.cd to the variable valve timing 
devices on the m. rt kc „nd cx-viust sides, oil passages 
through which o. (i ouopLcd to the control valves oil 
passages through controlling oil is supplied from 

the control valvoc tc tho v.-u.blo vatvo timing devices 
and oil passage*, ih-ouqh wf-, C h luoncating oil is sup- 
plied to journal soc ions c i ch-t, srwis 
[0004] Therolrvo .^rio ,nd compact arrange- 
ment Of control V.Vrs ^nd v„.o,iS h n ol oj , passages 

is necessary lor -> «rv,i to , s,/cd compact engine, and 
the lengths ol the o* o-.sstaos must be reduced to be 
as short as poss.bic to, h.q* c . v.. t ,t>ie control response 
of the opening ana cto<.nc i.m.nq o' (he intake and ex- 
haust valves 

[0005] However b ,« :pnve-it.onal control valves 
are attached to tr c err c ~ps t,o-r> the engme side it is 
impossible lor two cont oi v.,i,e ; to bo disposed within 
the dimension ol the cx.stng :y indo- head preventing 
realization of a sm.,ii C i s./ed compel engine 
[0006] In a convcnt. c «W system since oil passages 
through which on ,s s jppi.ed tc control valves are formed 
separately. Ihcy ato complicated w.th extended length 
preventing higncr v rt -iHbio cor ncx response ol the open- 
ing and closing t.mirg ol irt rt k 0 and cxi-iust valves 
[0007] Therefore it is an ob|cct ot :h.s invention to 
prov.de a four-stroke cycle engme as indicated above 
which is capable ol effecting .u rtS ,on«,blo and compact 
arrangement ol contiol valves lo, 8,,/c loducdon and to 
simplify oil passages and being capable ol effecting 
higher variable control response of the opening and 
closing timing of the intake and exhaust valves 
[0008] According to Ihc present .nvcnt.on. this objec- 
tive is solved for a four-slroke cyclo ong.ne as indicated 
above in that two control valves are disposed between 
said intake and exhaust cam shalts for controlling oil 
pressure supplied to said variable valve liming devices 
[0009] The invention of claim 2 is characterized by a 



four-stroke, cycle engine of the invention of claim 1 
wherein said fwo control valves are disposed vertically." 
[001 0] The invention of claim 3 is characterized by the 
four-stroke cycle engine of the invention of claim 1 or 2 
wherein said two control valves are attached to an inte- 
gral cam cap common to said intake and exhaust cam 
. shafts. 

[0011] The invention of claim 4 is characterized by the 
four-stroke cycle engine of the invention of at least one 
"> of cla.ms 1 to 3. wherein said two control valves are dis- 
posed outside a cam cover. 

[0012] The invention of claim 5 is characterized by the 
four-stroke cycle engine of the invention of at least one 

« 1 C !' m ? . 1 t0 4 - WhSrein 3 sin 9' e oil P assa 9* '"rough 
« which oil is supplied to said control valves, is provided 
there between for common use by the two control 
valves. 

[001 3] The invention of claim 6 is characterized by the 
. four-stroke cycle engine of the invention of claim 5 
20 wherein an oil filler provided in said oil passage is dis- 
posed outside a cam chamber and a cam belt chamber 
[0014] The invention of claim 7 is characterized by the 
four-stroke cycle engine of the invention of claim 5 
wherein the oil filter provided in said oil passage is dis- 
» posed in the cam belt chamber. 

[0015] According to the invention, two control valves 
are disposed vertically between the intake and exhaust 
cam shafts, therefore these control valves can be dis- 
posed compactly within the dimension of the existing 
30 cylinder head, effecting size reduction of the four-stroke 
cycle engine. 

[0016] According to the invenlion of claim 4, two con- 
rol valves are disposed outside the cam cover, there- 
fore maintainability and sealing ability of the control 
3S valves can be enhanced. 

[0017] According to the invention of claim 5, a single 
oil passage is provided between the two control valves 
for common use. therefore oil passages are simplified, 
effectinghighervariablecontrolresponseoftheopening 

9 timi " 9 ° f the intake and exha "sl valves 
[0018] According to the invenlion of claim 6 an oil fi\- 
ter is disposed outside the cam chamber and the cam 
belt chamber, therefore replacement of the oil filter can 
be simplified, effecting higher maintainability 
■* [0019] According to the invention of claim 7. an oil fil- 
ter ,s disposed in the cam belt chamber, therefore the 
sealing surface of the belt cover can be formed straight 
thereby effecting simplified structure as well as im- 
proved sealing ability of the belt cover 
so [0020] Other preferred embodiments of the present 
invention are laid down in further dependent claims 
[0021] In the following, the present invention is ex- 
plained in greater detail with respect to several embod- 
iments thereof in conjunction with the accompanying 
s * drawings, wherein: a 



Fig. 1 is a partially broken-away front view of a four- 
stroke cycle engine according to embodiment 1 of 
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this invention; 

Fig. 2 is a front view of the upper part of the four- 
stroke cycle engine according to embodiment 1 of 
this invention; 

Fig. 3 is a partial plan view of the cylinder head of 
the four-stroke cycle engine according to embodi- 
ment 1 of this invention; 

Fig. 4 is a partial sectional view of the upper part of 
the four-stroke cycle engine according to embodi- 
ment 1 of this invention; and 

Fig. 5 is a partial plan view of the cylinder head of 
a four-stroke cycle engine according to embodi- 
ment 2 of this invention; and 

Fig. 6 is a partial plan view of the cylinder head of 
the four-stroke cycle engine associated with the 
embodiment 3 of this invention. 

Embodiment 1 

[0022] Fig. 1 is a partially broken-away front view of 
a four-stroke cycle engine according to embodiment 1 
of this invention; Fig. 2 a front view of the upper part of 
the engine; Fig. 3 a partial plan view of the cylinder head 
of the engine; and Fig. 4 a partial sectional side view of 
the upper part of the engine. 

[0023] The four-stroke cycle engine 1 of this embod- 
iment is of a four-valve four-cylinder type for automo- 
biles; as shown in Fig. 1, a cylinder head 2 is formed 
with two intake passages 3 and two exhaust passages 
4 for each cylinder (only one intake passage and ex- 
haust passage are shown in Fig. 1); and intake ports 3a 
and exhaust ports 4a at which the intake and exhaust 
passages 3, 4 are open to a combustion chamber S, are 
opened and closed by intake and exhaust valves 5, 6 at 
appropriate timings, respectively, for required gas ex- 
change. 

[0024] That is, the intake and exhaust valves 5, 6 are 
inserted for sliding movement to the valve guides 7, 8 
press-fitted in the cylinder head 2, respectively, biased 
toward valve closing by valve springs 9 10, and engaged 
with intake cams 13a and exhaust cams 14a through 
valve lifters 11,12, respectively. 

[0025] The intake and exhaust cams 13a, 14a are 
formed on an intake cam shaft 13 and an exhaust cam 
shaft 14 integrally therewith; the intake and exhaust cam 
shafts 13, 14 are driven for rotation to open and close 
the intake and exhaust valves 5, 6 at appropriate tim- 
ings, respectively, as described above; and at one end 
of the intake and exhaust cam shafts 1 3, 1 4 are attached 
variable valve timing devices (hereinafter referred to as 
VVTs) 15, 16 for changing the opening and closing tim- 
ing of the intake and exhaust valves 5, 6. respectively 
(see Figs. 1 and 2). Timing belts (not shown) are wound 



4 

around timing pullies 1 5a, 1 6a provided on the VVTs 1 5, 
16, respectively. 

[0026] As shown in Figs 1, 4, a cam cover 17 is at- 
tached to the top of the cylinder head 2; a cylinder block 

s (not shown) is fixed to the bottom of the cylinder head 
2; and a piston (not shown) is fitted for sliding movement 
in each of four cylinder (not shown) provided, in parallel 
and in the direction perpendicular to the sheet plane of 
Fig. 1 , in the cylinder block. In the centerof each cylinder 

10 in the cylinder head 2 is screwed an ignition plug (not 
shown) and on the intake air side is attached an injector 
(not shown) for injecting fuel into the intake passages 3. 
[0027] As shown in Fig. 1 , the cam cover 1 7 is formed, 
at the top, with a surge tank 18 integrally therewith; lat- 

is erally centrally of one end wall of the surge tank 18 is 
connected an air cleaner 20 through a throttle body 1 9; 
and four intake manifolds 21 pass through the other end 
of the surge tank 18. One end in the shape of a bell- 
mouth of the intake manifold is open to the surge tank 

20 18 and the other end thereof is connected to the intake 
passages 3 formed in the cylinder head 2. In the throttle 
body 19 is provided a throttle valve 22. 
[0028] The intake and exhaust cam shafts 1 3, 1 4 are 
supported for rotation on cam journal sections formed 

25 on the top surface of the cylinder head 2, respectively, 
the upper halves thereof being hold by cam caps bolted 
to the cam journal sections; and as shown in Figs. 2-4, 
on the top surface of the cylinder head 2 on the side at 
which the VvTs 15, 16 are attached, is mounted an inte- 

30 gral cam cap 23 common to the intake and exhaust cam 
shafts 13, 14. 

[0029] To the laterally central portion of the integral 
cam cap 23 between the intake and exhaust cam shafts 
13, 14 are attached two control valves 24, 25 for con- 

35 trolling oil pressure supplied to theWTs 1 5, 1 6, respec- 
tively, adjacent to each other in the vertical direction. As 
shown in Fig. 4, the top surface of the cylinder head 2 
is covered by the cam cover 17, excluding the portion 
occupied by the integral cam cap 23, and inside the cam 

40 cover 17 is defined a cam chamber 51. The WTs 15, 
16 are covered by a belt cover 26, and inside thereof is 
defined a cam belt chamber S2. The upper edge of the 
belt cover 26 is in abutment (see Fig. 4) through a seal- 
ing member 27 against a sealing wall 23a formed on the 

45 integral cam cap 23 and bent in the shape of a letter C 
in plan view (see Fig. 3). 

[0030] As shown in Fig. 2, in the cylinder head 2 and 
the integral cam cap 23 at the laterally Central portion 
thereof between the control valves 24,25, is formed a 

so single oil passage 28 in the vertical direction, in which 
is provided a detachable oil filter 29. This oil passage 
28 is connected, as shown in Fig. 3, to the control valves 
24, 25 through an oil passage 30 formed horizontally in 
the integral cam cap 23 and oil passages 31 branched 

ss off laterally from the oil passage 30. As shown in Fig. 2, 
the lower end of the oil passage 28 is in communication 
with an oil passage 32 provided horizontally in the cyl- 
inder head 2. 
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[0031] As shown in Figs. 2, 3, the integral cam cap 23 
is formed with a plurality of oil passages 33, 34, 35, 36 
through which controlling oil is supplied from the control 
valves 24, 25 to the respective WTs 15. 16, and these 
oil passages 33-36 are in communication with oil pres- 
sure chambers of the WTs 1 5, 16 through ring grooves 
formed in the outside circumferences of the intake and 
exhaust cam shafts 1 3, 14 and oil holes 1 3b, 14b (see 
Fig. 2) formed in the intake and exhaust cam shafts 13, 
1 4 along their axial centers. 

[0032] In the four-stroke cycle engine according to 
this embodiment, the two control valves 24, 25 and the 
oil filter 29 are disposed outside of the cam chamber Si 
inside the cam cover 17 and of the cam belt chamber 
S2 inside the belt cover 26. 

[0033] Now, functions of the four-stroke cycle engine 
1 according to this embodiment will be described. 
[0034] When the four-stroke cycle engine is started 
and the intake valves 5 are opened in the intake stroke 
where the piston (nol shown) descends in each cylinder, 
fresh air drawn from the air cleaner 20 is metered by the 
throttle valve 22, and the metered fresh air is supplied, 
through the surge tank 18 and then intake manifold 21, 
into the cylinder head 2. In the course of the fresh air 
flowing through the intake passages 3 in the cylinder 
head 2, a given amount of fuel is injected from the in- 
jector (not shown) to form a mixture of a required air fuel 
ratio (A/F). Then, this mixture flows through the intake 
passages 3 into the cylinder of the cylinder block (not 
shown). The exhaust valves 6 are closed ii this intake 
air stroke. 

[0035] When the piston changes its state to the com- 
pression stroke after passing the bottom dead center, 
and begins ascending, then the intake valves 5 are 
closed, the mixture in the cylinder is compressed by the 
piston, and it is ignited for detonation by the ignition plug 
(not shown) immediately before the piston reaches the 
top dead center. Both of the intake valves 5 and the ex- 
haust valves 6 are closed in the detonation stroke where 
the piston descends while receiving the high combus- 
tion pressure generated by the combustion of the mix- 
ture, on its top surface. When the piston approaches the 
bottom dead center, the exhaust valves 6 are opened, 
exhaust gas at an elevated temperature and pressure, 
generated by the combustion of the mixture in the com- 
bustion chamber S, is discharged from the exhaust ports 
4a to the exhaust passages 4 in the exhaust stroke 
where the piston ascends, and then through the exhaust 
manifold (not shown) connected to the exhaust passag- 
es 4 into the atmosphere. 

[0036] Thereafter, the same process is repeated, and 
the four-stroke cycle engine 1 is operated continuously. 
[0037] On the other hand, oil supplied by an oil pump 
(not shown), flows from the oil passage 32 (see Fig. 2) 
formed in the cylinder head 2, to the oil passage 28, and 
after purified through the oil filter 29, it is supplied from 
the oil passage 28 through the oil passages 30, 31 (see 
Fig. 3) into each of the two control valves 24, 25. In this 



way, since oil is supplied to the control valves 24. 25 
through a single oil passage 28 running between the in- 
take and exhaust cam shafts 13, 14, the single oil pas- 
sage 28 is utilized in common to the two control valves 
24,25. 

[0038] The oil which has been supplied to each of the 
control valves 24, 25, is controlled of its pressure by the 
respective control valves 24, 25, and supplied as con- 
trolling oil to the respective WTs 15, 16 through the oil 
passages 33-36 for variable control of the opening and 
closing timing of the intake and exhaust valves 5, 6 by 
the WTs 15,16, and to the journal sections of the intake 
and exhaust cam shafts 13, 14 for lubrication thereof. 
[0039] As described above, in the four-stroke cycle 
engine 1 according to this embodiment, the two control 
valves 24, 25 are disposed vertically between the intake 
and exhaust cam shafts 1 3, 14, therefore these control 
valves 24, 15 can be disposed compactly within the di- 
mension of the existing cylinder head 2, effecting size 
reduction of the four-slroke cycle engine 1. 
[0040] In addition, the two control valves 24, 25 and 
the oil filter 29 are disposed outside of the cam chamber 

51 inside the cam cover 1 7 and of the cam belt chamber 

52 inside the belt cover 26, therefore maintenance, such 
as regulation or replacement, of the control valves 24, 
25 and the oil filter 29 can be performed easily, with the 
cam cover 17 and the belt cover 26 not removed and 
left in place, and high sealing ability of the control valves 
24, 25 can be assured. 

[0041] Further, the single oil passage 28 is provided 
between the two control valves 24, 25 for common use 
thereto, the structure of oil passages including the oil 
passage 28 is simplified, effecting higher variable con- 
trol response of the opening and closing timing of the 
intake and exhaust valves 5, 6. 

Embodiment 2 

[0042] Now, embodiment 2 of this invention will be de- 
scribed with reference to Fig. 5. 
[0043] Fig. 5 is a partial plan view of the cylinder head 
of a four-stroke cycle engine according to embodiment 
2 of this invention. In this figure, like parts as shown in 
Fig. 3 are designated by like numerals, and description 
is omitted of these parts. 

[0044] In this embodiment, the only difference from 
the foregoing embodiment 1 is that the oil filter 29 is dis- 
posed in the cam belt chamber S2 (that is, the oil filter 
29 is disposed on the opposite side of the sealing wall 
23a of the integral cam cap 23 from the control valves 
24, 25), other structures are the same as those in the 
foregoing embodiment 1 . 

[0045] Thus, in this embodiment, while the same ef- 
fects as in the foregoing embodiment 1 can be achieved, 
the oil filter 29 is disposed in the cam belt chamber S2, 
therefore the sealing wall 23a of the integral cam cap 
23 constituting the sealing surface of the belt cover (not 
shown), can be formed straight as shown in the figure, 
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thereby simplifying the structure as well as effecting 
higher sealing ability of the belt cover. 

Embodiments 

[0046] Embodiment 3 according to the present inven- 
tion will be described next with reference to Fig. 6. 
[0047] Fig. 6 is a partial plan view of the cylinder head 
of a four-stroke cycle engine associated with the em- 
bodiment 3 of the present invention. Also, in this draw- 
ing, the same reference numerals are given to the iden- 
tical elements as illustrated in Fig. 3 and the description 
of those elements will be omitted. 
[0048] In the present embodiment, the sealing wall 
23a of the integrated cam cap 23 constituting the sealing 
surface for the belt cover (not shown) is formed in linear 
shape as the above embodiment 2. However, it ditfers 
from the embodiment 2 in that the oil filter 29 and a plu- 
rality of holes 37 for the cam cap bolt are placed on the 
rear part of the engine (the right hand side of Fig. 6) with 
respect to the sealing wall 23a, i.e. outside of the cam 
belt chamber S2. 

[0049] Therefore, according to the present embodi- 
ment, since the oil filter 29 is arranged outside of the 
cam belt chamber S2, the oil filter 29 can be replaced 
as it stands without the need for removing the belt cover 
in a similar manner to the above embodiment 1 . Also, 
during the replacement of the oil filter 29, the timing belt 
(not shown ) would not be stained with oil so that life 
duration of the timing belt is not affected. Since the seal- 
ing walls 23a of the integrated cam cap 23 is formed in 
linear shape as the embodiment 2, simplification of the 
structure and improvement of the sealing ability of the 
belt cover can be attained. 

[0050] As is clear from the foregoing description, ac- 
cording to the invention o1 claim 1 , 2 or 3, two control 
valves are disposed vertically between the intake and 
exhaust cam shafts, therefore these control valves can 
be disposed compactly within the dimension of the ex- 
isting cylinder head, effecting size reduction of the four- 
stroke cycle engine. 

[0051] According to the invention of claim 4, two con- 
trol valves are disposed outside the cam cover, there- 
fore maintainability and sealing ability of the control 
valves can be enhanced. 

[0052] According to the invention of claim 5, a single 
oil passage is provided between the two control valves 
for common use, therefore oil passages are simplified, 
effecting higher variable control response of the opening 
and closing timing of the intake and exhaust valves. 
[0053] According to the invention of claim 6, an oil fil- 
ter is disposed outside the cam chamber and the cam 
belt chamber, therefore replacement of the oil filter can 
be simplified, effecting higher maintainability. 
[0054] According to the invention of claim 7, an oil fil- 
ter is disposed, in the cam belt chamber, therefore the 
sealing surface of the belt cover can be formed straight, 
thereby effecting simplified structure as well as im- 



proved sealing ability of the belt cover. 



Claims 

5 

1 . A four-stroke cycle engine (1 ) having variable valve 
timing devices (15,16) each attached at one end of 
intake and exhaust cam shafts (13,14), respective- 
ly, characterized in that two control valves (24,25) 

io are disposed between said intake and exhaust cam 
shafts (13,14) for controlling oil pressure supplied 
to said variable valve timing devices (15,16). 

2. A four-stroke cycle engine (1 ) according to claim 1 , 
is characterized in that the control valves (24,25) are 

disposed vertically. 

3. The four-stroke cycle engine (1 ) according to claim 
1 or 2, wherein said two control valves (24,25) are 

20 attached to an integral cam cap (23) common to 
said intake and exhaust cam shafts (13 : 14). 

4. The four-stroke cycle engine (1) according to at 
least one of the preceding claims 1 to 3, wherein 

25 said two control valves (24;25) are disposed outside 
a cam cover (17). 

5. The four-stroke cycle engine (1) according to at 
least one of the preceding claims 1 to 4, wherein a 

30 single oil passage (28) through which oil is supplied 
to said control valves (24,25), is provided therebe- 
tween for common use by the two control valves 
(24,25). 

35 6. The four-stroke cycle engine (1 ) according to ciaim 
5, wherein an oil filter (29) provided in said oil pas- 
sage (28) is disposed outside a cam chamber (S1 ) 
and a cam belt chamber (S2). 

40 7. The four-stroke cycle engine (1 ) according to claim 
5, wherein the oil filter (29) provided in said oil pas- 
sage (28) is disposed in the cam belt chamber (S2). 

8. The four-stroke cycle engine (1) according to at 
45 least one of the preceding claims 1 to 7, character- 
ized in that a cam cover (1 7) is formed, at the top, 
with a surge tank (18) integrally. 

9. The four-stroke cycle engine (1) according to at 
so least one of the preceding claims 3 to 8, character- 
ized in that the cam cap (23) is provided with a plu- 
rality of oil passages (33,34,35,36) for supplying 
controlling oil to the control valves. (24,25). 

ss 10. The four-stroke cycle engine (1) according to at 
least one of the preceding claims 5, 6, 8 or 9, char- 
acterized in that the oil filter (29) and a plurality of 
holes (37) for cam cap bolts are disposed in the rea r 
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part of said engine (1 ) outside of the cam belt cham- 
ber (S2). 

11. The four-stroke cycle engine (1) according to at 
least one of the preceding claims 1 to 10, charac- s 
terized in that the engine (1 ) is of a four-valve four- 
cylinder type. 
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[FIG. 4] 
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